
(12) United States Patent 
Makings et a]. 

US007696201B2 

US 7,696,201 B2 
Apr. 13, 2010 

(10) Patent N0.: 
(45) Date of Patent: 

(54) MODULATORS OF MUSCARINIC 
RECEPTORS 

(75) Inventors: Lewis R. Makings, Encinitas, CA (US); 
Dennis J. Hurley, San Marcos, CA 
(US); Gabriel Raffai, Tucson, AZ (US) 

(73) Assignee: Vertex Pharmaceuticals Incorporated, 
Cambridge, MA (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
USC 154(b) by 0 days. 

(21) Appl.No.: 11/s93,245 

(22) Filed: Aug. 15, 2007 

(65) Prior Publication Data 

US 2008/0176843 A1 Jul. 24, 2008 

Related US. Application Data 

(60) Provisional application No. 60/837,786, ?led on Aug. 
15, 2006. 

(51) Int. Cl. 
A61K 31/537 (2006.01) 
A61K 31/536 (2006.01) 
C07D 273/01 (2006.01) 
C07D 265/14 (2006.01) 

(52) US. Cl. ....................... .. 514/2305; 544/70; 544/92 

(58) Field of Classi?cation Search ................. .. 544/70, 

544/92; 514/230.5 
See application ?le for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

3,654,287 A 4/1972 Dykstra 
3,666,764 A 5/1972 Campbell et a1. 
3,959,475 A 5/1976 Bauer et al. 
3,962,259 A 6/1976 Bauer et al. 
4,233,307 A 11/1980 Ono et a1. 
4,349,549 A 9/1982 RosZkoWski et al. 
4,558,049 A 12/1985 Bernardi et al. 
5,091,387 A 2/1992 Evans et a1. 
5,219,860 A 6/1993 Chambers et a1. 
5,536,716 A 7/1996 Chen et a1. 
5,576,321 A 11/1996 Krushinskiet a1. 
5,578,593 A 11/1996 Chen et a1. 
5,614,523 A 3/1997 Audiaet a1. 
5,627,196 A 5/1997 Audia et a1. 
5,652,235 A 7/1997 Chen et a1. 
5,658,921 A 8/1997 Perregaardetal. 
5,741,789 A 4/1998 Hibschman et a1. 
5,789,402 A 8/1998 Audia et a1. 
5,817,679 A 10/1998 Shen etal. 
5,885,999 A 3/1999 Elliott et a1. 
6,013,652 A 1/2000 Maccoss et al. 
6,130,217 A 10/2000 Arnoldet a1. 
6,166,040 A 12/2000 Fairhurst et al. 
6,326,375 B1 12/2001 Fukami 
6,436,962 B1 8/2002 Hoffman et a1. 
6,566,367 B2 5/2003 Bakthavatchalam et al. 
6,720,324 B2 4/2004 MarZabadiet al. 

6,828,440 B2 12/2004 Goehring et al. 
6,869,960 B2 3/2005 Ito et a1. 
6,943,199 B2 9/2005 deLombaert et al. 
7,045,527 B2 5/2006 Chen et a1. 
7,205,417 B2 4/2007 Fukami et a1. 

2002/0188124 A1 
2003/0036652 A1 
2003/0158219 A1 
2004/0054177 A1 
2004/0072847 A1 
2004/0122074 A1 
2004/0142956 A1 
2004/0204397 A1 
2005/0033048 A1 
2005/0153998 A1 
2005/0176703 A1 
2005/0215576 A1 
2005/0261332 A1 
2006/0019962 A1 
2006/0040964 A1 
2006/0111380 A1 
2006/0173027 A1 
2006/0183904 A1 
2006/0211722 A1 
2006/0217372 A1 
2007/0043023 A1 
2007/0254903 A1 

12/2002 Fukami et al. 
2/2003 Bakthavatchalam et al. 
8/2003 Ito et a1. 
3/2004 Otake et a1. 
4/2004 Bakthavatchalam et al. 
6/2004 Dow et al. 
7/2004 Chen et al. 
10/2004 Chaturvedula et al. 
2/2005 Bakthavatchalam et al. 
7/2005 Ito et a1. 
8/2005 Gabriel et al. 
9/2005 Degnan et a1. 
11/2005 Distefano et a1. 
1/2006 Makings et al. 
2/2006 Bakthavatchalam et al. 
5/2006 Otake et a1. 
8/2006 MarZabadi et al. 
8/2006 Guo et al. 
9/2006 Jiao et al. 
9/2006 Blanco-Pillado et al. 
2/2007 Makings et al. 
11/2007 Boatrnan et a1. 

FOREIGN PATENT DOCUMENTS 

CN 1535967 10/2004 
DE 3342164 5/1984 
EP 0065864 12/1982 

(Continued) 
OTHER PUBLICATIONS 

PCT International Search Report dated May 15, 2008 for Interna 
tional Application No. PCT/US2007/018012. 
Abdel-Magid, A. “Reductive Amination of Aldehydes and Ketones 
With Sodium Triacetoxyborohydride. Studies on Direct and Indirect 
Reductive Amination Proceduresl”, J. Org. Chem., 61 (1996), pp. 
3849-3862. 
Bignan, G., “Preparation of 3-Spirocyclic Indolin-2-ones as Ligands 
for the ORL-l Receptor”, Bioorganic and Medicinal Chem. Lett, 15 
(2005), pp. 5022-5026. 
Butera, J .. “Recent Approaches to the Treatment of Urinary Inconti 
nence: A Survey of Patent Activity from 1995 to 1998”, Expert 
Opinion on Therapeutic Patents, 8(8) (1998), pp. 1017-1035. 

(Continued) 
Primary ExamineriKamal A Saeed 
Assistant ExamineriSamantha L Shterengarts 
(74) Attorney, Agent, or FirmiHonigman Miller SchWartZ 
and Cohn LLP; Jonathan P. O’Brien; Christopher C. Forbes 

(57) ABSTRACT 

The present invention relates to modulators of muscarinic 
receptors. The present invention also provides compositions 
comprising such modulators, and methods therewith for treat 
ing muscarinic receptor mediated diseases. 

37 Claims, No Drawings 



US 7,696,201 B2 
Page 2 

FOREIGN PATENT DOCUMENTS 

0070171 
0128886 
0414289 
0444945 
0445974 
0486280 
0518805 
0533243 
0615977 
0722941 
1415986 
1575800 
2131021 
2308064 
2355264 
2355456 
59059685 

2001/278886 
2002/316987 
W0 94/19367 
W0 94/22846 
W0 95/09631 
W0 95/11029 
W0 95/14025 
W0 95/28389 
W0 97/41878 
W0 97/41879 
W0 99/06434 
W0 99/32489 
W0 99/64002 
W0 00/06146 
W0 00/06153 
W0 00/06545 
W0 00/38720 
W0 01/02386 
W0-01/22919 
W0-01/29027 
W0 01/45707 
W0 01/64213 
W0 02/48152 
W0 02/070511 
W0 02/085354 
W0 02/094825 
W0 03/014083 
W0 03/037271 
W0 03/064425 
W0 03/095427 
W0 03/104236 
W0 03/106457 

W0 2003/106457 
W0 2004/004714 
W0 2004/010942 
W0 2004/010943 
W0 2004/011427 
W0 2004/028459 
W0 2004/050652 
W0 2004/074273 
W0 2004/089307 
W0 2005/016913 
W0 2005/063254 
W0 2005/063745 
W0 2005/065779 
W0 2005/075484 
W0 2005/100360 
W0 2006/001958 
W0 2006/023852 
W0 2006/028239 
W0 2006/058303 

1/1983 
12/1984 
2/1991 
9/1991 
9/1991 
5/1992 
12/1992 
3/1993 
9/1994 
7/1996 
5/2004 
10/1980 
6/1984 
6/1997 
4/2001 
4/2001 
4/1984 
10/2001 
10/2002 
9/1994 
10/1994 
4/1995 
4/1995 
5/1995 
10/1995 
11/1997 
11/1997 
2/1999 
7/1999 
12/1999 
2/2000 
2/2000 
2/2000 
7/2000 
1/2001 
4/2001 
4/2001 
6/2001 
9/2001 
6/2002 
9/2002 
10/2002 
11/2002 
2/2003 
5/2003 
8/2003 
11/2003 
12/2003 
12/2003 
12/2003 
1/2004 
2/2004 
2/2004 
2/2004 
4/2004 
6/2004 
9/2004 
10/2004 
2/2005 
7/2005 
7/2005 
7/2005 
8/2005 
10/2005 
1/2006 
3/2006 
3/2006 
6/2006 

W0 WO 2007/077122 7/2007 

OTHER PUBLICATIONS 

Bymaster, F., “Xanomeline: A Selective Muscarinic Agonist for the 
Treatment of Alzheimer’ s Disease”, Drug Development Research, 40 
(1997), pp. 158-170. 
Cau?eld, M.P., “International Union of Pharmacology. XVII. Clas 
si?cation of Muscarinic Acetylcholine Receptors”, Pharmacol, Rev., 
50 (1998), pp. 279-290. 
Cau?eld, M.P., “Muscarinic Receptors-CharacteriZation, Coupling 
and function”, Pharmac. Ther., vol. 58 (1993), pp. 319-379. 
Chambers, M., “Spiropiperidines as High-Af?nity, Selective s 
Ligands”, J. Med. Chem., 35(11) (1992), pp. 2033-2039. 
Chiaverelli, S., “Ricerche nella serle della 4-feniipiperidina. Nota v. 
Derivati della 4,4‘-spiro(1“metilpiperidin)-1,2,3,4, 
tetraidroisochinolina”, GaZZetta Chimica Italiana, 90, 189 (1960), 
CN1535967. 
Custers, F., “Vesamicol and Some of its Derivatives: Questionable 
Ligands for Selectively Labelling Acetylcholine Transporters in Rat 
Brain”, Eur, Jour. Of Pharm., 338 (1997), pp. 177-183. 
deLasZlo, S., “A Nonpeptidic Agonist Ligand of the Human C5A 
Receptor: Synthesis, Binding Af?nity Optimization and functional 
Characterization”, Bioorganic and Medicinal Chem. Lett., 7(2) 
(1997), pp. 213-218. 
Dhar, T.G., “Design and Synthesis of Novel a1a Adrenoceptor-Se 
lective Antagonists. 2. Approaches to Eliminate Opioid Agonist 
Metabolites via Modi?cation of Linker and 4-MethoXycarbony1-4 
phenylpiperidine Moiety1.2”, J. Med, Chem, 42 (1999), pp. 4778 
4793. 
Efange S. “Comparative Tissue Distribution of conformationally 
Restricted Radioiodinated Vesamicol Receptor Ligands”, Nuclear 
Medicine and Biology, 22(4) (1995), pp. 437-444. 
Efange, S., “Molecular Determinants of Selectivity at the Vesamicol 
Receptor”, Biochem, Phar., 49(6) (1995), pp. 791-797. 
Efange, S., “N-HydroXyalkyl Derivatives of 3[5-Phenyltropane and 
Methylspiro[1H-indoline-3,4‘-piperidine]: Vesamicol Analogues 
With Af?nity or Monoamine Transporters”, J. Med. Chem, 40 (1997), 
pp. 3905-3914. 
Efange, S., “(+)-p-([18F]FluorobenZyl)SpirotroZamicol {(+) 
[18F]Spiro-FBT}: Synthesis and Biological Evaluation of a High 
Af?nity Ligand for the Vesicular Acetylcholine Transporter 
(VAChT)”, Nuclear Medicine and Biology. vol. 26 (1999), pp. 189 
192. 
Efange, S., “Spirovesamicols: Conformationally Restricted Analogs 
of 2-(4-Phenylpiperidino)cycloheXanol (Vesamicol, AH5183) as 
Potential Modulators of Presynaptic Cholinergic Function”, J. Med. 
Chem, 37 (1994), pp. 2574-2582. 
Evans, B., “Orally Active, Nonpeptide OXytocin Antagonists”, J. 
Med. Chem., 35(21) (1992), pp. 3919-3927. 
Felder, C., “Therapeutic Opportunities for Muscarinic Receptors in 
the Central Nervous System”, J. Med. Chem.,43 (23) (2000), pp. 
4333-4353. 

Hulme, E.C., “Muscarinic Receptor Subtypes”, Annu. Rev. 
Pharmacol. ToXicol., 30 (1990), pp. 633-673. 
Kim, D., “Discovery of Human CCR5 Antagonists Containing 
Hydantoins for the Treatment of HIV-1 Infection”, Bioorganic and 
Medicinal Chem. Lett., 11 (2001, pp. 3099-3102. 
Malmstrom, R., “Pharmacology of H 394/84, a dihydropyridine 
neuropeptide Y Y1 Receptor Antagonist, in Vivo”, Eur. Jour. of 
Pharm., 418 (2001), pp. 95-104. 
Matier, W., “Novel CycliZations and Ring-Opening Reactions of 
3-Phenylindene Derivatives”, J. Org. Chem., vol, 36, No. 5(1971), 
pp. 650-654. 
MoltZen, E., “s Ligands With Subnanomolar Af?nity and Preference 
for the s2 Binding Site. 2. Spiro-Joined BenZofuran, IsobenZofuran 
and BenZopyran Piperidines”, J. Med. Chem., 38 (1995), pp. 2009 
2017. 
MorroW, D., “Synthesis of Some New 17-Spiro-Substituted Ste 
roids”, J. Med. Chem., 10(2) (1967), pp. 133-138. 
Nargund, R., “Peptidomimetic Growth Hormone Secretagogues: 
Synthesis and Biological Activities of Analogs Varied at the Indole 



US 7,696,201 B2 
Page 3 

Nucleus of the Prototypical Spiropiperidine L-162,752”, Bioorganic 
and Medicinal Chem. Lett., vol. 6, No. 14 (1996), pp. 1731-1736. 
Nargund, R., “Synthesis and Biological Activities of Camphor-Based 
Non-Peptide Growth Hormone Secretagogues” Bioorganic and 
Medicinal Chem. Lett., vol. 6, No. 11 (1996), pp. 1265-1270. 
Oprea, T., “Is There a Difference between Leads and Drugs? A 
Historical Perspective”, J. Chem, Inf. Comput. Sci., 41 (2001), pp. 
1308- 13 15. 
Pasternak, A., “Potent, Orally Bioavailable Somatostatin Agonists: 
Good Absorption Achieved by Urea Backbone CycliZation”, 
Bioorganic and Medicinal Chem. Lett., 9 (1999), pp. 491-496. 
Patchett, AA, “The Synthesis of 17[5-Amino-l7 a-(2‘ 
carboXyethyl)androstane Lacatamal”, J. Org. Chem, 27 (1962), pp. 
3822-3828. 
Pettibone, D,J., “Identi?cation of an Orally Active, Nonpeptidyl 
OXytocin Antagonist”, Journal of Pharm. and Experimental Therap., 
264(1) (1993), pp. 308-314. 
Reimann, E., “Synthese und pharmakologische Prufung Homologer 
und hydroxylierter 3,4 -Dihydro-l‘-methylspiro [naphthalin-(2H),4‘ 
piperidine]”, Archiv. Der. PharmaZie. VCH Verlagsgesellschaft 
MBH, Weinheim, DE, 323 (1990), pp. 35-39. 
Takemoto, T., “Asymmetric Synthesis of Enantiomerically Pure 
Spiro[((2S)-hydroXy)indane-1,4‘-piperidine]”, Tetrahedron Asyrn 
metry, 10 (1999), pp. 1787-1793. 
Tata, J ., “The Synthesis and Activity of Spiroindane Growth Hor 
mone Secretagogues”, Bioorganic and Medicinal Chem. Lett, 7(6) 
(1997), pp. 663-668. 
Williams, P, “1-(((7.7-Dimethyl-2(S)-(2(S)-amino-4 
(methyl sulfonyl)butyramido )bi cyclo [2 .2 . 1 ]-heptan- 1(S)-yl)methyl) 
sulfonyl)-4-2(2-methylphenyl)piperaZine (L-368,899): An Orally 
Bioavailable, Non-Peptide OXytocin Antagonist with Potential Util 
ity for Managing Preterm Labor”, J. Med. Chem, 37 (1994), pp. 
555-571. 
Yang, L., “Potent 3-Spiropiperidine Growth Hormone 
Secretagogues”, Bioorganic and Medicinal Chem. Lett, 8(1) (1998), 
pp. 107-112. 
Yang, L., “The Design and Synthesis of Non-Peptide Somatostatin 
Receptor Agonists”, Proceedings of the American Peptide Sympo 
sium, 16th Minneapolis, MN, Jun. 26-Jul. 1,1999, (2000), meeting 
date 1999, 250-252. 
Cau?eld, M.P., “International Union of Pharmacology. XVII. Clas 
si?cation of Muscarinic Acetylcholine Receptors ”, Pharmacol. Rev., 
50 (1998), pp. 279-290. 
Hulme, E.C., “Muscarinic Receptor Subtypes”, Annu. Rev, 
Pharmacol. ToXicol., 30 (1990), pp. 633-673. 
Kim, D., “Discovery of Human CCR5 Antagonists Containing 
Hydantoins for the Treatment of HIV-1 Infection”, Bioorganic and 
Medicinal Chem. Lett., 11 (2001, pp. 3099-3102. 
Malmstrom, R., “Pharmacology of H 394/84, a dihydropyridine 
neuropeptide Y Y1 Receptor Antagonist. in Vivo”, Eur. Jour. of 
Pharm., 418 (2001), pp. 95-104. 
Matier, W., “Novel CycliZations and Ring-Opening Reactions of 
3-Phenylindene Derivatives”, J. Org. Chem,. vol. 36, No. 5 (1971), 
pp. 650-654. 

MoltZen, E., “s Ligands with Subnanomolar Af?nity and Preference 
for the s2 Binding Site. 2. Spiro-Joined BenZofuran, lsobenZofuran 
and BenZopyran Piperidines”, J. Med. Chem,. 38 (1995), pp. 2009 
2017. 
Morrow, D., “Synthesis of Some New l7-Spiro-Substituted Ste 
roids”, J. Med. Chem., 10(2) (1967), pp. 133-138. 
Nargund, R., “Peptidomimetic Growth Hormone Secretagogues: 
Synthesis and Biological Activities of Analogs Varied at the Indole 
Nucleus of the Prototypical Spiropiperidine L-162,752”, Bioorganic 
and Medicinal Chem. Lett., vol. 6, No, 14 (1996), pp. 1731-1736. 
Nargund, R., “Synthesis and Biological Activities of Camphor-Based 
Non-Peptide Growth Hormone Secretagogues” Bioorganic and 
Medicinal Chem. Lett., vol. 6, No, 11 (1996), pp. 1265-1270. 
Oprea, T., “Is There a Difference between Leads and Drugs? A 
Historical Perspective”, J. Chem. Inf. Comput. Sci., 41 (2001), pp. 
1308- 13 15. 

Pasternak, A., “Potent, Orally Bioavailable Somatostatin Agonists: 
Good Absorption Achieved by Urea Backbone CycliZation”, 
Bioorganic and Medicinal Chem. Lett., 9 (1999), pp. 491-496. 
Patchett, AA, “The Synthesis of 17f5-Amino-l7 a-(2‘ 
carboXyethyl)androstane Lacatamal”. J. Org. Chem, 27 (1962), pp. 
3822-3828. 
Pettibone, D.J., “Identi?cation of an Orally Active, Nonpeptidyl 
OXytocin Antagonist”, Journal of Pharm. and Experimental Therap., 
264(1) (1993), pp. 308-314. 
Reimann, E., “Synthese und pharmakologische Prufung Homologer 
und hydroxylierter 3,4-Dihydro-l‘-methylspiro [naphthalin-(2H),4‘ 
piperidiner]”, Archiv. Der. PharmaZie, VCH Verlagsgesellschaft 
MBH, Weinheim, DE, 323 (1990), pp. 35-39. 
Takemoto, T., “Asymmetric Synthesis of Enantiomerically Pure 
Spiro[((2S)-hydroXy)indane-1,4‘-piperidine]”, Tetrahedron Asyrn 
metry, 10 (1999), pp. 1787-1793. 
Tata, J ., “The Synthesis and Activity of Spiroindane Growth Hor 
mone Secretagogues”, Bioorganic and Medicinal Chem. Lett, 7(6) 
(1997), pp. 663-668. 
Williams, P., “1-(((7,7-Dimethyl-2(S)-(2(S)-amino-4 
(methyl sulfonyl)butyramido )bi cyclo [2 .2, 1 ]-heptan- l(S)-yl)methyl) 
sulfonyl)-4-2(2-methylphenyl)piperaZine (L-368,899): An Orally 
Bioavailable, Non-Peptide OXytocin Antagonist with Potential Util 
ity for Managing Preterm Labor”, J. Med. Chem, 37 (1994), pp. 
555-571. 
Yang, L., “Potent 3-Spiropiperidine Growth Hormone 
Secretagogues”, Bioorganic and Medicinal Chem. Lett, 8(1) (1998), 
pp. 107-112. 

Yang, L., “The Design and Synthesis of Non-Peptide Somatostatin 
Receptor Agonists”, Proceedings of the American Peptide Sympo 
sium, 16th Minneapolis, MN, Jun. 26-Jul. 1,1999, (2000), meeting 
date 1999, 250-252. 
Cheng, Y., “Solid Phase Synthesis of Spiroindoline”, Tet. Lett., 38 
(1997), pp. 1497-1500. 
Maligres, P E., “Synthesis of the Orally Active Spiroindoline-Based 
Growth Hormone Secretagogue, MK-677”, Tetrahedron, 53 (1997), 
pp. 10983-10992. 



US 7,696,201 B2 
1 

MODULATORS OF MUSCARINIC 
RECEPTORS 

CLAIM OF PRIORITY 

This application claims priority to US. Provisional Appli 
cation Ser. No. 60/837,786 ?led on Aug. 15, 2006, Which is 
hereby incorporated by reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to modulators of muscarinic 
receptors. The present invention also provides compositions 
comprising such modulators, and methods thereWith for treat 
ing muscarinic receptor mediated diseases. 

BACKGROUND OF THE INVENTION 

The neurotransmitter acetylcholine binds to tWo types of 
cholinergic receptors: the ionotropic family of nicotinic 
receptors and the metabotropic family of muscarinic recep 
tors. Muscarinic receptors belong to the large superfamily of 
plasma membrane-bound G protein coupled receptors 
(GPCRs). To date, ?ve subtypes of muscarinic receptors (Ml - 
M5) have been cloned and sequenced from a variety of spe 
cies, and shoW a remarkably high degree of homology across 
species and receptor subtype. These Ml-M5 muscarinic 
receptors are predominantly expressed Within the parasym 
pathetic nervous system Which exerts excitatory and inhibi 
tory control over the central and peripheral tissues and par 
ticipate in a number of physiologic functions, including heart 
rate, arousal, cognition, sensory processing, and motor con 
trol. 

Muscarinic agonists such as muscarine and pilocarpine, 
and antagonists, such as atropine have been knoWn for over a 
century, but little progress has been made in the discovery of 
receptor subtype-selective compounds, thereby making it dif 
?cult to assign speci?c functions to the individual receptors. 
See, e.g., DeLapp, N. et al., “Therapeutic Opportunities for 
Muscarinic Receptors in the Central Nervous System,” J. 
Med. Chem., 43(23), pp. 4333-4353 (2000); Hulme, E. C. et 
al., “Muscarinic Receptor Subtypes,” Ann. Rev. Pharmacol. 
Toxicol., 30, pp. 633-673 (1990); Caul?eld, M. P. et al., 
“Muscarinic Receptors-CharacteriZation, Coupling, and 
Function,” Pharmacol. Ther., 58, pp. 319-379 (1993); 
Caul?eld, M. P. et al., International Union of Pharmacology. 
XVII. “Classi?cation of Muscarinic Acetylcholine Recep 
tors,” Pharmacol. Rev., 50, pp. 279-290 (1998), the disclo 
sures of Which are incorporated herein by reference. 
The Muscarinic family of receptors is the target of a large 

number of pharmacological agents used for various diseases, 
including leading drugs for COPD, asthma, urinary inconti 
nence, glaucoma, Alzheimer’ s (AchE inhibitors). Despite the 
large therapeutic value of this family, cholinergic drugs are 
limited by the lack of selectivity of these agents, With signi? 
cant activation of the parasympathetic autonomous system 
and elevated incidence of adverse effects. The molecular 
cloning of the muscarinic receptors and the identi?cation of 
the physiological role of speci?c isoforms using knock-out 
mice, has recently delineated novel opportunities for selective 
muscarinic ligands, and has helped to de?ne the selectivity 
pro?le that is required for enhanced ef?cacy and reduced side 
effects. 

There is a need for modulators of muscarinic receptors 
Ml-Ms. There is also a need for methods for treating musca 
rinic receptor-mediated diseases. 

20 
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2 
There is also a need for modulators of muscarinic receptors 

that are selective as to subtypes Ml-Ms. 

SUMMARY OF THE INVENTION 

The present invention provides methods of modulating the 
activity of a muscarinic receptor (e.g., M1, M2, M3, M4, M5, 
or combinations thereof) using compounds of formula I: 

or a pharmaceutically acceptable salt thereof, Wherein R1, R2, 
R3, X, and n are described beloW. 
The present invention also provides compositions compris 

ing compounds of formulae (I, Ia, Ib, Ic, and Id), and methods 
of treating muscarinic receptor mediated diseases using com 
pounds of formulae (I, Ia, Ib, Ic, and Id). 

DETAILED DESCRIPTION OF THE INVENTION 

I. De?nitions 
For purposes of this invention, the chemical elements are 

identi?ed in accordance With the Periodic Table of the Ele 
ments, CAS version, Handbook of Chemistry and Physics, 
75th Ed. Additionally, general principles of organic chemis 
try are described in “Organic Chemistry”, Thomas Sorrell, 
University Science Books, Sausalito: 1999, and “March’s 
Advanced Organic Chemistry”, 5th Ed., Ed.: Smith, M. B. 
and March, 1., John Wiley & Sons, NeWYork: 2001, the entire 
contents of Which are hereby incorporated by reference. 
The term “muscarinic receptor,” Without a pre?x specify 

ing the receptor subtype, refers to one or more of the ?ve 
receptor subtypes Ml-Ms. 
The term “modulating” as used herein means increasing or 

decreasing, e.g. activity, by a measurable amount. Com 
pounds that modulate muscarinic activity by increasing the 
activity of the muscarinic receptors are called agonists. Com 
pounds that modulate muscarinic activity by decreasing the 
activity of the muscarinic receptors are called antagonists. An 
agonist interacts With a muscarinic receptor to increase the 
ability of the receptor to transduce an intracellular signal in 
response to endogenous ligand binding. An antagonist inter 
acts With a muscarinic receptor and competes With the endog 
enous ligand(s) or substrate(s) for binding site(s) on the 
receptor to decrease the ability of the receptor to transduce an 
intracellular signal in response to endogenous ligandbinding. 
The phrase “treating or reducing the severity of a muscar 

inic receptor mediated disease” refers both to treatments for 
diseases that are directly caused by muscarinic activities and 
alleviation of symptoms of diseases not directly caused by 
muscarinic activities. Examples of diseases Whose symptoms 
may be affected by muscarinic activity include, but are not 
limited to, CNS derived pathologies including cognitive dis 
orders, Attention De?cit Hyperactivity Disorder (ADHD), 



US 7,696,201 B2 
3 

obesity, AlZheimer’s disease, various dementias such as vas 
cular dementia, psychosis including schizophrenia, mania, 
bipolar disorders, pain conditions including acute and 
chronic syndromes, Huntington’s Chorea, Friederich’s 
ataxia, Gilles de la Tourette’s Syndrome, DoWns Syndrome, 
Pick disease, clinical depression, Parkinson’s disease, 
peripheral disorders such as reduction of intra ocular pres sure 
in Glaucoma and treatment of dry eyes and dry mouth includ 
ing Sjogren’s Syndrome, bradycardia, gastric acid secretion, 
asthma, GI disturbances and Wound healing. 
As described herein, compounds of the invention may 

optionally be substituted With one or more substituents, such 
as are illustrated generally above, or as exempli?ed by par 
ticular classes, subclasses, and species of the invention. 
As used herein the term “aliphatic” encompasses the terms 

alkyl, alkenyl, alkynyl, each of Which being optionally sub 
stituted as set forth beloW. 
As used herein, an “alkyl” group refers to a saturated ali 

phatic hydrocarbon group containing 1-8 (e.g., 1-6 or 1-4) 
carbon atoms. An alkyl group can be straight or branched. 
Examples of alkyl groups include, but are not limited to, 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, 
tert-butyl, n-pentyl, n-heptyl, or 2-ethylhexyl. An alkyl group 
can be substituted (i.e., optionally substituted) With one or 
more substituents such as halo, cycloaliphatic [e.g., 
cycloalkyl or cycloalkenyl], heterocycloaliphatic [e.g., het 
erocycloalkyl or heterocycloalkenyl], aryl, heteroaryl, 
alkoxy, aroyl, heteroaroyl, acyl [e.g., (aliphatic)carbonyl, (cy 
cloaliphatic)carbonyl, or (heterocycloaliphatic)carbonyl], 
nitro, cyano, amido [e.g., (cycloalkylalkyl)carbonylamino, 
arylcarbonylamino, aralkylcarbonylamino, (heterocy 
cloalkyl)carbonylamino, (heterocycloalkylalkyl)carbony 
lamino, heteroarylcarbonylamino, heteroaralkylcarbony 
lamino alkylaminocarbonyl, cycloalkylaminocarbonyl, 
heterocycloalkylaminocarbonyl, arylaminocarbonyl, or het 
eroarylaminocarbonyl], amino [e.g., aliphaticamino, 
cycloaliphaticamino, or heterocycloaliphaticamino], sulfo 
nyl [e.g., aliphatic-SOzi], sul?nyl, sulfanyl, sulfoxy, urea, 
thiourea, sulfamoyl, sulfamide, oxo, carboxy, carbamoyl, 
cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy, het 
eroaryloxy, aralkyloxy, heteroarylalkoxy, alkoxycarbonyl, 
alkylcarbonyloxy, or hydroxy. Without limitation, some 
examples of substituted alkyls include carboxyalkyl (such as 
HOOC-alkyl, alkoxycarbonylalkyl, and alkylcarbonyloxy 
alkyl), cyanoalkyl, hydroxyalkyl, alkoxyalkyl, acylalkyl, 
aralkyl, (alkoxyaryl)alkyl, (sulfonylamino)alkyl (such as 
(alkyl-SO2-amino)alkyl), aminoalkyl, amidoalkyl, (cy 
cloaliphatic)alkyl, or haloalkyl. 
As used herein, an “alkenyl” group refers to an aliphatic 

carbon group that contains 2-8 (e.g., 2-6 or 2-4) carbon atoms 
and at least one double bond. Like an alkyl group, an alkenyl 
group can be straight or branched. Examples of an alkenyl 
group include, but are not limited to, allyl, isoprenyl, 2-bute 
nyl, and 2-hexenyl. An alkenyl group can be optionally sub 
stituted With one or more substituents such as halo, 
cycloaliphatic [e.g., cycloalkyl or cycloalkenyl], heterocy 
cloaliphatic [e.g., heterocycloalkyl or heterocycloalkenyl], 
aryl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl [e.g., (ali 
phatic)carbonyl, (cycloaliphatic)carbonyl, or (heterocy 
cloaliphatic) carbonyl], nitro, cyano, amido [e.g., (cycloalky 
lalkyl)carbonylamino, arylcarbonylamino, 
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino, 
(heterocycloalkylalkyl)carbonylamino, heteroarylcarbony 
lamino, heteroaralkylcarbonylamino alkylaminocarbonyl, 
cycloalkylaminocarbonyl, heterocycloalkylaminocarbonyl, 
arylaminocarbonyl, or heteroarylaminocarbonyl], amino 
[e.g., aliphaticamino, cycloaliphaticamino, heterocy 
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4 
cloaliphaticamino, or aliphaticsulfonylamino], sulfonyl [e.g., 
alkyl-SO2i, cycloaliphatic-SO2i, or aryl-SOZi], sul?nyl, 
sulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, 
carboxy, carbamoyl, cycloaliphaticoxy, heterocycloaliphati 
coxy, aryloxy, heteroaryloxy, aralkyloxy, heteroaralkoxy, 
alkoxycarbonyl, alkylcarbonyloxy, or hydroxy. Without limi 
tation, some examples of substituted alkenyls include 
cyanoalkenyl, alkoxyalkenyl, acylalkenyl, hydroxyalkenyl, 
aralkenyl, (alkoxyaryl)alkenyl, (sulfonylamino)alkenyl 
(such as (alkyl-S02-amino)alkenyl), aminoalkenyl, ami 
doalkenyl, (cycloaliphatic)alkenyl, or haloalkenyl. 
As used herein, an “alkynyl” group refers to an aliphatic 

carbon group that contains 2-8 (e.g., 2-6 or 2-4) carbon atoms 
and has at least one triple bond. An alkynyl group can be 
straight or branched. Examples of an alkynyl group include, 
but are not limited to, propargyl and butynyl. An alkynyl 
group can be optionally substituted With one or more sub 
stituents such as aroyl, heteroaroyl, alkoxy, cycloalkyloxy, 
heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy, 
nitro, carboxy, cyano, halo, hydroxy, sulfo, mercapto, sulfa 
nyl [e.g., aliphaticsulfanyl or cycloaliphaticsulfanyl], sul?nyl 
[e.g., aliphaticsul?nyl or cycloaliphaticsul?nyl], sulfonyl 
[e.g., aliphatic-SOZi, aliphaticamino-SOzi, or 
cycloaliphatic-SOZi], amido [e.g., aminocarbonyl, alky 
laminocarbonyl, alkylcarbonylamino, cycloalkylaminocar 
bonyl, heterocycloalkylaminocarbonyl, cycloalkylcarbony 
lamino, arylaminocarbonyl, arylcarbonylamino, 
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino, 
(cycloalkylalkyl)carbonylamino, heteroaralkylcarbony 
lamino, heteroarylcarbonylamino or heteroarylaminocarbo 
nyl], urea, thiourea, sulfamoyl, sulfamide, alkoxycarbonyl, 
alkylcarbonyloxy, cycloaliphatic, heterocycloaliphatic, aryl, 
heteroaryl, acyl [e.g., (cycloaliphatic)carbonyl or (heterocy 
cloaliphatic)carbonyl], amino [e.g., aliphaticamino], sulfoxy, 
oxo, carboxy, carbamoyl, (cycloaliphatic)oxy, (heterocy 
cloaliphatic)oxy, or (heteroaryl)alkoxy. 
As used herein, an “amido” encompasses both “aminocar 

bonyl” and “carbonylamino”. These terms When used alone 
or in connection With another group refers to an amido group 

such as iN(RX)iC(O)iRY or 4C(O)iN(RX)2, When 
used terminally, and 4C(O)iN(RX)i or iN(RX)4C 
(O)iWhen used internally, Wherein RX and RY are de?ned 
beloW. Examples of amido groups include alkylamido (such 
as alkylcarbonylamino or alkylaminocarbonyl), (heterocy 
cloaliphatic)amido, (heteroaralkyl)amido, (heteroaryl) 
amido, (heterocycloalkyl)alkylamido, arylamido, aralkyla 
mido, (cycloalkyl)alkylamido, or cycloalkylamido. 
As used herein, an “amino” group refers to iNRXRY 

Wherein each of RX and RY is independently hydrogen, ali 
phatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl, 
araliphatic, heterocycloaliphatic, (heterocycloaliphatic)ali 
phatic, heteroaryl, carboxy, sulfanyl, sul?nyl, sulfonyl, (ali 
phatic)carbonyl, (cycloaliphatic)carbonyl, ((cycloaliphatic) 
aliphatic)carbonyl, arylcarbonyl, (araliphatic)carbonyl, 
(heterocycloaliphatic)carbonyl, ((heterocycloaliphatic)ali 
phatic)carbonyl, (heteroaryl)carbonyl, or (heteroaraliphatic) 
carbonyl, each of Which being de?ned herein and being 
optionally substituted. Examples of amino groups include 
alkylamino, dialkylamino, or arylamino. When the term 
“amino” is not the terminal group (e.g., alkylcarbonylamino), 
it is represented by iNRXi. RX has the same meaning as 
de?ned above. 
As used herein, an “aryl” group used alone or as part of a 

larger moiety as in “aralkyl”, “aralkoxy”, or “aryloxyalkyl” 
refers to monocyclic (e.g., phenyl); bicyclic (e.g., indenyl, 
naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl); and 
tricyclic (e.g., ?uorenyl tetrahydro?uorenyl, or tetrahydroan 
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thracenyl, anthracenyl) ring systems in Which the monocyclic 
ring system is aromatic or at least one of the rings in a bicyclic 
or tricyclic ring system is aromatic. The bicyclic and tricyclic 
groups include benZofused 2-3 membered carbocyclic rings. 
For example, a benZofused group includes phenyl fused With 
tWo or more C4_8 carbocyclic moieties. An aryl is optionally 
substituted With one or more sub stituents including aliphatic 
[e.g., alkyl, alkenyl, or alkynyl], cycloaliphatic; (cy 
cloaliphatic)aliphatic; heterocycloaliphatic; (heterocy 
cloaliphatic)aliphatic; aryl; heteroaryl; alkoxy; (cy 
cloaliphatic)oxy; (heterocycloaliphatic)oxy; aryloxy; 
heteroaryloxy; (araliphatic)oxy; (heteroaraliphatic)oxy; 
aroyl; heteroaroyl; amino; oxo (on a non-aromatic carbocy 
clic ring of a benZofused bicyclic or tricyclic aryl); nitro; 
carboxy; amido; acyl [e.g., aliphaticcarbonyl; (cycloaliphat 
ic)carbonyl; ((cycloaliphatic)aliphatic)carbonyl; (araliphat 
ic)carbonyl; (heterocycloaliphatic)carbonyl; ((heterocy 
cloaliphatic)aliphatic)carbonyl; or (heteroaraliphatic) 
carbonyl]; sulfonyl [e.g., aliphatic-802i or amino-SOZi]; 
sul?nyl [e.g., aliphatic-S(O)i or cycloaliphatic-S(O)i]; 
sulfanyl [e.g., aliphatic-Si]; cyano; halo; hydroxy; mer 
capto; sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or car 
bamoyl. Alternatively, an aryl can be unsubstituted. 

Non-limiting examples of substituted aryls include 
haloaryl [e.g., mono-, di (such as p,m-dihaloaryl), and (triha 
lo)aryl]; (carboxy)aryl [e.g., (alkoxycarbonyl)aryl, ((aralkyl) 
carbonyloxy)aryl, and (alkoxycarbonyl)aryl]; (amido)aryl 
[e.g., (aminocarbonyl)aryl, (((alkylamino)alkyl)aminocarbo 
nyl)aryl, (alkylcarbonyl)aminoaryl, (arylaminocarbonyl) 
aryl, and (((heteroaryl)amino)carbonyl)aryl]; aminoaryl 
[e.g., ((alkylsulfonyl)amino)aryl or ((dialkyl)amino)aryl]; 
(cyanoalkyl)aryl; (alkoxy)aryl; (sulfamoyl)aryl [e.g., (ami 
nosulfonyl)aryl]; (alkylsulfonyl)aryl; (cyano)aryl; (hydroxy 
alkyl)aryl; ((alkoxy)alkyl)aryl; (hydroxy)aryl, ((carboxy) 
alkyl)aryl; (((dialkyl)amino)alkyl)aryl; (nitroalkyl)aryl; 
(((alkylsulfonyl)amino)alkyl)aryl; ((heterocycloaliphatic) 
carbonyl)aryl; ((alkylsulfonyl)alkyl)aryl; (cyanoalkyl)aryl; 
(hydroxyalkyl)aryl; (alkylcarbonyl)aryl; alkylaryl; (triha 
loalkyl)aryl; p-amino-m-alkoxycarbonylaryl; p-amino-m 
cyanoaryl; p-halo-m-aminoaryl; or (m-(heterocy 
cloaliphatic)-o-(alkyl))aryl. 
As used herein, an “araliphatic” such as an “aralkyl” group 

refers to an aliphatic group (e.g., a Cl_4 alkyl group) that is 
substituted With an aryl group. “Aliphatic,” “alkyl,” and 
“aryl” are de?ned herein. An example of an araliphatic such 
as an aralkyl group is benZyl. 
As used herein, an “aralkyl” group refers to an alkyl group 

(e. g., a C1_4 alkyl group) that is substituted With an aryl group. 
Both “alkyl” and “aryl” have been de?ned above. An example 
of an aralkyl group is benZyl. An aralkyl is optionally substi 
tuted With one or more substituents such as aliphatic [e.g., 
alkyl, alkenyl, or alkynyl, including carboxyalkyl, hydroxy 
alkyl, or haloalkyl such as tri?uoromethyl], cycloaliphatic 
[e.g., cycloalkyl or cycloalkenyl], (cycloalkyl)alkyl, hetero 
cycloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy, 
cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, 
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro, car 
boxy, alkoxycarbonyl, alkylcarbonyloxy, amido [e.g., ami 
nocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino, 
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, aralky 
lcarbonylamino, (heterocycloalkyl)carbonylamino, (hetero 
cycloalkylalkyl)carbonylamino, heteroarylcarbonylamino, 
or heteroaralkylcarbonylamino], cyano, halo, hydroxy, acyl, 
mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, 
sulfamide, oxo, or carbamoyl. 
As used herein, a “bicyclic ring system” includes 8-12 

(e.g., 9, 10, or 11) membered structures that form tWo rings, 
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6 
Wherein the tWo rings have at least one atom in common (e. g., 
2 atoms in common). Bicyclic ring systems include bicy 
cloaliphatics (e.g., bicycloalkyl or bicycloalkenyl), bicyclo 
heteroaliphatics, bicyclic aryls, and bicyclic heteroaryls. 
As used herein, a “cycloaliphatic” group encompasses a 

“cycloalkyl” group and a “cycloalkenyl” group, each of 
Which being optionally substituted as set forth beloW. 
As used herein, a “cycloalkyl” group refers to a saturated 

carbocyclic mono- or bicyclic (fused or bridged) ring of 3-10 
(e.g., 5-10) carbon atoms. Examples of cycloalkyl groups 
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, adamantyl, norbomyl, cubyl, octahydro-inde 
nyl, decahydro-naphthyl, bicyclo[3.2.1]octyl, bicyclo[2.2.2] 
octyl, bicyclo[3.3.1]nonyl, bicyclo[3.3.2.]decyl, bicyclo 
[2.2.2]octyl, adamantyl, aZacycloalkyl, or ((aminocarbonyl) 
cycloalkyl)cycloalkyl. A “cycloalkenyl” group, as used 
herein, refers to a non-aromatic carbocyclic ring of 3-10 (e. g., 
4-8) carbon atoms having one or more double bonds. 
Examples of cycloalkenyl groups include cyclopentenyl, 1,4 
cyclohexa-di-enyl, cycloheptenyl, cyclooctenyl, hexahydro 
indenyl, octahydro-naphthyl, cyclohexenyl, cyclopentenyl, 
bicyclo[2.2.2]octenyl, or bicyclo[3.3.1]nonenyl. A 
cycloalkyl or cycloalkenyl group can be optionally substi 
tuted With one or more substituents such as aliphatic [e.g., 
alkyl, alkenyl, or alkynyl], cycloaliphatic, (cycloaliphatic) 
aliphatic, heterocycloaliphatic, (heterocycloaliphatic) ali 
phatic, aryl, heteroaryl, alkoxy, (cycloaliphatic)oxy, (hetero 
cycloaliphatic)oxy, aryloxy, heteroaryloxy, (araliphatic)oxy, 
(heteroaraliphatic)oxy, aroyl, heteroaroyl, amino, amido 
[e.g., (aliphatic)carbonylamino, (cycloaliphatic)carbony 
lamino, ((cycloaliphatic)aliphatic)carbonylamino, (aryl)car 
bonylamino, (araliphatic)carbonylamino, (heterocy 
cloaliphatic)carbonylamino, ((heterocycloaliphatic) 
aliphatic)carbonylamino, (heteroaryl)carbonylamino, or 
(heteroaraliphatic)carbonylamino], nitro, carboxy [e.g., 
HOOCi, alkoxycarbonyl, or alkylcarbonyloxy], acyl [e.g., 
(cycloaliphatic)carbonyl, ((cycloaliphatic) aliphatic)carbo 
nyl, (araliphatic)carbonyl, (heterocycloaliphatic)carbonyl, 
((heterocycloaliphatic)aliphatic)carbonyl, or (het 
eroaraliphatic)carbonyl], cyano, halo, hydroxy, mercapto, 
sulfonyl [e.g., alkyl-802i and aryl-SOZi], sul?nyl [e.g., 
alkyl-S(O)i], sulfanyl [e.g., alkyl-Si], sulfoxy, urea, thio 
urea, sulfamoyl, sulfamide, oxo, or carbamoyl. 
As used herein, “cyclic moiety” includes cycloaliphatic, 

heterocycloaliphatic, aryl, or heteroaryl, each of Which has 
been de?ned previously. 
As used herein, the term “heterocycloaliphatic” encom 

passes a heterocycloalkyl group and a heterocycloalkenyl 
group, each of Which being optionally substituted as set forth 
beloW. 
As used herein, a “heterocycloalkyl” group refers to a 3-10 

membered mono- or bicylic (fused or bridged) (e.g., 5- to 
10-membered mono- or bicyclic) saturated ring structure, in 
Which one or more of the ring atoms is a heteroatom (e.g., N, 
O, S, or combinations thereof). Examples of a heterocy 
cloalkyl group include piperidyl, piperaZyl, tetrahydropyra 
nyl, tetrahydrofuryl, 1,4-dioxolanyl, 1,4-dithianyl, 1,3-diox 
olanyl, oxaZolidyl, isoxaZolidyl, morpholinyl, 
thiomorpholyl, octahydrobenZofuryl, octahydrochromenyl, 
octahydrothiochromenyl, octahydroindolyl, octahydropy 
rindinyl, decahydroquinolinyl, octahydrobenZo [b] 
thiopheneyl, 2-oxa-bicyclo[2.2.2]octyl, 1-aZa-bicyclo[2.2.2] 
octyl, 3-aZa-bicyclo[3.2.1]octyl, anad 2,6-dioxa-tricyclo 
[3.3.1.03’7]nonyl. A monocyclic heterocycloalkyl group can 
be fused With a phenyl moiety such as tetrahydroisoquinoline. 
A “heterocycloalkenyl” group, as used herein, refers to a 
mono- or bicylic (e.g., 5- to 10-membered mono- or bicyclic) 
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non-aromatic ring structure having one or more double 
bonds, and wherein one or more of the ring atoms is a het 
eroatom (e.g., N, O, or S). Monocyclic and bicyclohet 
eroaliphatics are numbered according to standard chemical 
nomenclature. 
A heterocycloalkyl or heterocycloalkenyl group can be 

optionally substituted With one or more substituents such as 
aliphatic [e.g., alkyl, alkenyl, or alkynyl], cycloaliphatic, (cy 
cloaliphatic)aliphatic, heterocycloaliphatic, (heterocy 
cloaliphatic)aliphatic, aryl, heteroaryl, alkoxy, (cy 
cloaliphatic)oxy, (heterocycloaliphatic)oxy, aryloxy, 
heteroaryloxy, (araliphatic)oxy, (heteroaraliphatic)oxy, 
aroyl, heteroaroyl, amino, amido [e.g., (aliphatic)carbony 
lamino, (cycloaliphatic)carbonylamino, ((cycloaliphatic) ali 
phatic)carbonylamino, (aryl)carbonylamino, (araliphatic) 
carbonylamino, (heterocycloaliphatic)carbonylamino, 
((heterocycloaliphatic) aliphatic)carbonylamino, (het 
eroaryl)carbonylamino, or (heteroaraliphatic)carbony 
lamino], nitro, carboxy [e.g., HOOCi, alkoxycarbonyl, or 
alkylcarbonyloxy], acyl [e.g., (cycloaliphatic)carbonyl, ((cy 
cloaliphatic) aliphatic)carbonyl, (araliphatic)carbonyl, (het 
erocycloaliphatic)carbonyl, ((heterocycloaliphatic)aliphatic) 
carbonyl, or (heteroaraliphatic)carbonyl], nitro, cyano, halo, 
hydroxy, mercapto, sulfonyl [e.g., alkylsulfonyl or arylsulfo 
nyl], sul?nyl [e.g., alkylsul?nyl], sulfanyl [e.g., alkylsulfa 
nyl], sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or 
carbamoyl. 
A “heteroaryl” group, as used herein, refers to a monocy 

clic, bicyclic, or tricyclic ring system having 4 to 15 ring 
atoms Wherein one or more of the ring atoms is a heteroatom 

(e.g., N, O, S, or combinations thereof) and in Which the 
monocyclic ring system is aromatic or at least one of the rings 
in the bicyclic or tricyclic ring systems is aromatic. A het 
eroaryl group includes a benZofused ring system having 2 to 
3 rings. For example, a benZofused group includes benZo 
fused With one or tWo 4 to 8 membered heterocycloaliphatic 
moieties (e.g., indoliZyl, indolyl, isoindolyl, 3H-indolyl, 
indolinyl, benZo[b]furyl, benZo[b]thiophenyl, quinolinyl, or 
isoquinolinyl). Some examples of heteroaryl are aZetidinyl, 
pyridyl, lH-indaZolyl, furyl, pyrrolyl, thienyl, thiaZolyl, 
oxaZolyl, imidaZolyl, tetraZolyl, benZofuryl, isoquinolinyl, 
benZthiaZolyl, xanthene, thioxanthene, phenothiaZine, dihy 
droindole, benZo[l,3]dioxole, benZo[b]furyl, benZo[b] 
thiophenyl, indaZolyl, benZimidaZolyl, benZthiaZolyl, puryl, 
cinnolyl, quinolyl, quinaZolyl, cinnolyl, phthalaZyl, 
quinaZolyl, quinoxalyl, isoquinolyl, 4H-quinoliZyl, benZo-l, 
2,5-thiadiaZolyl, or 1,8-naphthyridyl. 

Without limitation, monocyclic heteroaryls include furyl, 
thiophenyl, 2H-pyrrolyl, pyrrolyl, oxaZolyl, thaZolyl, imida 
Zolyl, pyraZolyl, isoxaZolyl, isothiaZolyl, 1,3,4-thiadiazolyl, 
2H-pyranyl, 4-H-pranyl, pyridyl, pyridaZyl, pyrimidyl, pyra 
Zolyl, pyraZyl, or 1,3,5-triazyl. Monocyclic heteroaryls are 
numbered according to standard chemical nomenclature. 

Without limitation, bicyclic heteroaryls include indoliZyl, 
indolyl, isoindolyl, 3H-indolyl, indolinyl, benZo[b]furyl, 
benZo[b]thiophenyl, quinolinyl, isoquinolinyl, indoliZyl, 
isoindolyl, indolyl, benZo[b]furyl, bexo[b]thiophenyl, inda 
Zolyl, benZimidaZyl, benZthiaZolyl, purinyl, 4H-quinoliZyl, 
quinolyl, isoquinolyl, cinnolyl, phthalaZyl, quinaZolyl, qui 
noxalyl, 1,8-naphthyridyl, or pteridyl. Bicyclic heteroaryls 
are numbered according to standard chemical nomenclature. 
A heteroaryl is optionally substituted With one or more 

substituents such as aliphatic [e.g., alkyl, alkenyl, or alkynyl]; 
cycloaliphatic; (cycloaliphatic)aliphatic; heterocy 
cloaliphatic; (heterocycloaliphatic)aliphatic; aryl; het 
eroaryl; alkoxy; (cycloaliphatic)oxy; (heterocycloaliphatic) 
oxy; aryloxy; heteroaryloxy; (araliphatic)oxy; 
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8 
(heteroaraliphatic)oxy; aroyl; heteroaroyl; amino; oxo (on a 
non-aromatic carbocyclic or heterocyclic ring of a bicyclic or 
tricyclic heteroaryl); carboxy; amido; acyl [e.g., aliphaticcar 
bonyl; (cycloaliphatic)carbonyl; ((cycloaliphatic)aliphatic) 
carbonyl; (araliphatic)carbonyl; (heterocycloaliphatic)car 
bonyl; ((heterocycloaliphatic)aliphatic)carbonyl; or 
(heteroaraliphatic)carbonyl]; sulfonyl [e.g., aliphaticsulfonyl 
or aminosulfonyl]; sul?nyl [e.g., aliphaticsul?nyl]; sulfanyl 
[e.g., aliphaticsulfanyl]; nitro; cyano; halo; hydroxy; mer 
capto; sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or car 
bamoyl. Alternatively, a heteroaryl can be unsubstituted. 

Non-limiting examples of substituted heteroaryls include 
(halo)heteroaryl [e.g., mono- and di-(halo)heteroaryl]; (car 
boxy)heteroaryl [e.g., (alkoxycarbonyl)heteroaryl]; cyano 
heteroaryl; aminoheteroaryl [e.g., ((alkylsulfonyl)amino)het 
eroaryl and ((dialkyl)amino)heteroaryl]; (amido)heteroaryl 
[e.g., aminocarbonylheteroaryl, ((alkylcarbonyl)amino)het 
eroaryl, ((((alkyl)amino)alkyl)aminocarbonyl)heteroaryl, 
(((heteroaryl)amino)carbonyl)heteroaryl, ((heterocy 
cloaliphatic)carbonyl)heteroaryl, and ((alkylcarbonyl) 
amino)heteroaryl] ; (cyanoalkyl)heteroaryl; (alkoxy)het 
eroaryl; (sulfamoyl)heteroaryl [e.g., (aminosulfonyl) 
heteroaryl]; (sulfonyl)heteroaryl [e.g., (alkylsulfonyl) 
heteroaryl]; (hydroxyalkyl)heteroaryl; (alkoxyalkyl) 
heteroaryl; (hydroxy)heteroaryl; ((carboxy)alkyl)heteroaryl; 
(((dialkyl)amino)alkyl]heteroaryl; (heterocycloaliphatic) 
heteroaryl; (cycloaliphatic)heteroaryl; (nitroalkyl)het 
eroaryl; (((alkylsulfonyl)amino)alkyl)heteroaryl; ((alkylsul 
fonyl)alkyl)heteroaryl; (cyanoalkyl)heteroaryl; (acyl) 
heteroaryl [e.g., (alkylcarbonyl)heteroaryl] ; (alkyl) 
heteroaryl, and (haloalkyl)heteroaryl [e.g., 
trihaloalkylheteroaryl] . 

A “heteroaraliphatic (such as a heteroaralkyl group) as 
used herein, refers to an aliphatic group (e.g., a C1_4 alkyl 
group) that is substituted With a heteroaryl group. “Aliphatic,” 
“alkyl,” and “heteroaryl” have been de?ned above. 
A “heteroaralkyl” group, as used herein, refers to an alkyl 

group (e.g., a C1_4 alkyl group) that is substituted With a 
heteroaryl group. Both “alkyl” and “heteroaryl” have been 
de?ned above. A heteroaralkyl is optionally substituted With 
one or more substituents such as alkyl (including carboxy 
alkyl, hydroxyalkyl, and haloalkyl such as tri?uoromethyl), 
alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, heterocy 
cloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy, 
cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, 
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro, car 
boxy, alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl, 
alkylcarbonylamino, cycloalkylcarbonylamino, (cycloalky 
lalkyl)carbonylamino, arylcarbonylamino, aralkylcarbony 
lamino, (heterocycloalkyl)carbonylamino, (heterocycloalky 
lalkyl)carbonylamino, heteroarylcarbonylamino, 
heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, 
mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, 
sulfamide, oxo, or carbamoyl. 
As used herein, an “acyl” group refers to a formyl group or 

RX4C(O)i (such as alkyl-C(O)i, also referred to as “alky 
lcarbonyl”) Where RX and “alkyl” have been de?ned previ 
ously. Acetyl and pivaloyl are examples of acyl groups. 
As used herein, an “aroyl” or “heteroaroyl” refers to an 

aryl-C(O)i or a heteroaryl-C(O)i. The aryl and heteroaryl 
portion of the aroyl or heteroaroyl is optionally substituted as 
previously de?ned. 
As used herein, an “alkoxy” group refers to an alkyl-Oi 

group Where “alkyl” has been de?ned previously. 
As used herein, a “carbamoyl” group refers to a group 

having the structure 4O4COiNRXRY or iNRXiCOi 
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OiRZ wherein RX and RY have been de?ned above and R2 
can be aliphatic, aryl, araliphatic, heterocycloaliphatic, het 
eroaryl, or heteroaraliphatic. 
As used herein, a “carboxy” group refers to iCOOH, 

iCOORX, iOC(O)H, iOC(O)RXWhen used as a terminal 
group; or 4OC(O)i or iC(O)Oi When used as an inter 
nal group. 
As used herein, a “haloaliphatic” group refers to an ali 

phatic group substituted With l-3 halogen. For instance, the 
term haloalkyl includes the group ‘C133. 
As used herein, a “mercapto” group refers to iSH. 
As used herein, a “sulfo” group refers to iSO3H or 

iSO3RX When used terminally or iS(O)3i When used 
internally. 
As used herein, a “sulfamide” group refers to the structure 

iNRXiS(O)2iNRYRZ When used terminally and 
iNRXiS(O)2iNRYi When used internally, Wherein RX, 
RY, and R2 have been de?ned above. 
As used herein, a “sulfonamide” group refers to the struc 

ture iS(O)2iNRXRY or iNRXiS(O)2iRZ When used 
terminally; or iS(O)2iNRXi or iNRXiS(O)2i When 
used internally, Wherein RX, RY, and R2 are de?ned above. 
As used herein a “sulfanyl” group refers to iSiRXWhen 

used terminally and iSi When used internally, Wherein RX 
has been de?ned above. Examples of sulfanyls include ali 
phatic-Si, cycloaliphatic-Si, aryl-Si, or the like. 
As used herein a “sul?nyl” group refers to iS(O)iRX 

When used terminally and iS(O)iWhen used internally, 
Wherein RX has been de?ned above. Exemplary sul?nyl 
groups include aliphatic-S(O)i, aryl-S(O)i, (cy 
cloaliphatic(aliphatic))-S(O)i, cycloalkyl-S(O)i, hetero 
cycloaliphatic-S(O)i, heteroaryl-S(O)i, or the like. 
As used herein, a “sulfonyl” group refers to iS(O)2iRX 

When used terminally and iS(O)2i When used internally, 
Wherein RX has been de?ned above. Exemplary sulfonyl 
groups include aliphatic-S(O)2i, aryl-S(O)2i, (cy 
cloaliphatic(aliphatic))-S(O)2i, cycloaliphatic-S(O)2i, 
heterocycloaliphatic-S(O)2i, heteroaryl-S(O)2i, (cy 
cloaliphatic(amido(aliphatic)))-S(O)2i or the like. 
As used herein, a “sulfoxy” group refers to iOiSOiRX 

or iSOiOiRX, When used terminally and iOiS (O)i 
or iS(O)4Oi When used internally, Where RX has been 
de?ned above. 
As used herein, a “halogen” or “halo” group refers to 

?uorine, chlorine, bromine or iodine. 
As used herein, an “alkoxycarbonyl,” Which is encom 

passed by the term carboxy, used alone or in connection With 
another group refers to a group such as alkyl-OiC(O)i. 
As used herein, an “alkoxyalkyl” refers to an alkyl group 

such as alkyl-O-alkyl-, Wherein alkyl has been de?ned above. 
As used herein, a “carbonyl” refer to 4C(O)i. 
As used herein, an “oxo” refers to :0. 
As used herein, an “aminoalkyl” refers to the structure 

(RX)2N-alkyl-. 
As used herein, a “cyanoalkyl” refers to the structure (N C) 

alkyl-. 
As used herein, a “urea” group refers to the structure 

iNRXiCOiNRI/RZ and a “thiourea” group refers to the 
structure iNRX4CSiNRYRZ When used terminally and 
iNRXiCOiNRI/i or iNRXiCSiNRI/i When used 
internally, Wherein RX, RY, and R2 have been de?ned above. 
As used herein, a “guanidine” group refers to the structure 

iN:C(N(RXRY))N(RXRY) or iNRX4C(:NRX)NRXRY 
Wherein RX and RY have been de?ned above. 
As used herein, the term “amidino” group refers to the 

structure 4C:(NRX)N(RXRY) Wherein RX and RY have been 
de?ned above. 
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In general, the term “vicinal” refers to the placement of 

substituents on a group that includes tWo or more carbon 

atoms, Wherein the substituents are attached to adjacent car 
bon atoms. 

In general, the term “geminal” refers to the placement of 
substituents on a group that includes tWo or more carbon 

atoms, Wherein the substituents are attached to the same 
carbon atom. 
The terms “terminally” and “internally” refer to the loca 

tion of a group Within a substituent. A group is terminal When 
the group is present at the end of the substituent not further 
bonded to the rest of the chemical structure. Carboxyalkyl, 
i.e., RXO(O)C-alkyl is an example of a carboxy group used 
terminally. A group is internal When the group is present in the 
middle of a substituent to at the end of the substituent bound 
to the rest of the chemical structure. Alkylcarboxy (e.g., alkyl 
C(O)Oi or alkyl-OC(O)i) and alkylcarboxyaryl (e.g., 
alkyl-C(O)O-aryl- or alkyl-O(CO)-aryl-) are examples of 
carboxy groups used internally. 
As used herein, “cyclic group” includes mono-, bi-, and 

tri-cyclic ring systems including cycloaliphatic, heterocy 
cloaliphatic, aryl, or heteroaryl, each of Which has been pre 
viously de?ned. 
As used herein, a “bridged bicyclic ring system” refers to a 

bicyclic heterocyclicalipahtic ring system or bicyclic 
cycloaliphatic ring system in Which the rings are bridged. 
Examples of bridged bicyclic ring systems include, but are 
not limited to, adamantanyl, norbornanyl, bicyclo[3.2.l]oc 
tyl, bicyclo[2.2.2]octyl, bicyclo[3.3.l]nonyl, bicyclo[3.2.3] 
nonyl, 2-oxabicyclo[2.2.2]octyl, l-aZabicyclo[2.2.2]octyl, 
3-aZabicyclo[3.2.l]octyl, and 2,6-dioxa-tricyclo[3.3.l.03’7] 
nonyl. A bridged bicyclic ring system can be optionally sub 
stituted With one or more substituents such as alkyl (including 
carboxyalkyl, hydroxyalkyl, and haloalkyl such as tri?uo 
romethyl), alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, 
heterocycloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl, 
alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, het 
eroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, 
nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy, aminocar 
bonyl, alkylcarbonylamino, cycloalkylcarbonylamino, (cy 
cloalkylalkyl)carbonylamino, arylcarbonylamino, aralkyl 
carbonylamino, (heterocycloalkyl)carbonylamino, 
(heterocycloalkylalkyl)carbonylamino, heteroarylcarbony 
lamino, heteroaralkylcarbonylamino, cyano, halo, hydroxy, 
acyl, mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfa 
moyl, sulfamide, oxo, or carbamoyl. 
As used herein, an “aliphatic chain” refers to a branched or 

straight aliphatic group (e.g., alkyl groups, alkenyl groups, or 
alkynyl groups). A straight aliphatic chain has the structure 
i[CH2]vi, Where v is 1-6. A branched aliphatic chain is a 
straight aliphatic chain that is substituted With one or more 
aliphatic groups. A branched aliphatic chain has the structure 
i[CHQ]vi or i[CQQ]vi Where Q is hydrogen or an 
aliphatic group; hoWever, Q shall be an aliphatic group in at 
least one instance. The term aliphatic chain includes alkyl 
chains, alkenyl chains, and alkynyl chains, Where alkyl, alk 
enyl, and alkynyl are de?ned above. 
The phrase “optionally substituted” is used interchange 

ably With the phrase “substituted or unsubstituted.” As 
described herein, compounds of the invention can optionally 
be substituted With one or more substituents, such as are 

illustrated generally above, or as exempli?ed by particular 
classes, subclasses, and species of the invention.As described 
herein, the variables in formulae (1, la, and lb), e.g., R1, R2, 
and R3, and other variables contained therein encompass 
speci?c groups, such as alkyl and aryl. Unless otherWise 
noted, each of the speci?c groups for the variables R1, R2, and 
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R3, and other variables contained therein can be optionally 
substituted With one or more substituents described herein. 

Each substituent of a speci?c group is further optionally 
substituted With one to three of halo, cyano, oxo, alkoxy, 
hydroxy, amino, nitro, aryl, haloalkyl, and alkyl. For instance, 
an alkyl group can be substituted With alkylsulfanyl and the 
alkylsulfanyl can be optionally substituted With one to three 
of halo, cyano, oxo, alkoxy, hydroxy, amino, nitro, aryl, 
haloalkyl, and alkyl. As an additional example, the cycloalkyl 
portion of a (cycloalkyl)carbonylamino can be optionally 
substituted With one to three of halo, cyano, alkoxy, hydroxy, 
nitro, haloalkyl, and alkyl. When tWo alkoxy groups are 
bound to the same atom or adjacent atoms, the tWo alkxoy 
groups can form a ring together With the atom(s) to Which 
they are bound. 

In general, the term “substituted,” Whether preceded by the 
term “optionally” or not, refers to the replacement of hydro 
gen radicals in a given structure With the radical of a speci?ed 
substituent. Speci?c substituents are described above in the 
de?nitions and beloW in the description of compounds and 
examples thereof. Unless otherWise indicated, an optionally 
substituted group can have a substituent at each substitutable 
position of the group, and When more than one position in any 
given structure can be substituted With more than one sub 
stituent selected from a speci?ed group, the substituent can be 
either the same or different at every position. A ring substitu 
ent, such as a heterocycloalkyl, can be bound to another ring, 
such as a cycloalkyl, to form a spiro-bicyclic ring system, e. g., 
both rings share one common atom. As one of ordinary skill 
in the art Will recogniZe, combinations of substituents envi 
sioned by this invention are those combinations that result in 
the formation of stable or chemically feasible compounds. 

The phrase “stable or chemically feasible,” as used herein, 
refers to compounds that are not substantially altered When 
subjected to conditions to alloW for their production, detec 
tion, and preferably their recovery, puri?cation, and use for 
one or more of the purposes disclosed herein. In some 

embodiments, a stable compound or chemically feasible 
compound is one that is not substantially altered When kept at 
a temperature of 400 C. or less, in the absence of moisture or 
other chemically reactive conditions, for at least a Week. 
As used herein, an effective amount is de?ned as the 

amount required to confer a therapeutic effect on the treated 
patient, and is typically determined based on age, surface 
area, Weight, and condition of the patient. The interrelation 
ship of dosages for animals and humans (based on milligrams 
per meter squared of body surface) is described by Freireich 
et al., Cancer Chemother. Rep., 50: 219 (1966). Body surface 
area may be approximately determined from height and 
Weight of the patient. See, e.g., Scienti?c Tables, Geigy Phar 
maceuticals, Ardsley, N.Y., 537 (1970). As used herein, 
“patient” refers to a mammal, including a human. Unless 
otherWise stated, structures depicted herein are also meant to 
include all isomeric (e.g., enantiomeric, diastereomeric, and 
geometric (or conformational)) forms of the structure; for 
example, the R and S con?gurations for each asymmetric 
center, (Z) and (E) double bond isomers, (Z) and (E) confor 
mational isomers, and tautomers. Therefore, single stere 
ochemical isomers as Well as enantiomeric, diastereomeric, 
and geometric (or conformational) mixtures of the present 
compounds are Within the scope of the invention. Unless 
otherWise stated, all tautomeric forms of the compounds of 
the invention are Within the scope of the invention. Addition 
ally, unless otherWise stated, structures depicted herein are 
also meant to include compounds that differ only in, the 
presence of one or more isotopically enriched atoms. For 
example, compounds having the present structures except for 
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12 
the replacement of hydrogen by deuterium or tritium, or the 
replacement of a carbon by a 13C- or l4C-enriched carbon are 
Within the scope of this invention. Such compounds are use 
ful, for example, as analytical tools or probes in biological 
assays. 

II. Compounds 
Compounds of formula I are useful modulators of musca 

rinic receptor activity 
A. Generic Compounds: 
Compounds of the present invention include: 

R1 
| 
N 

| \ X 

/ k (R41 If 0 
R2 

or a pharmaceutically acceptable salt thereof. 
X is iNRSOi or 40*, Wherein R50 is independently 

hydrogen or an optionally substituted Cl_6 aliphatic. 
R1 is an optionally substituted aliphatic, an optionally sub 

stituted cycloaliphatic, or an optionally substituted heterocy 
cloaliphatic. 
R2 is iZBRS, Wherein each Z5 is independently a bond or 

an optionally substituted branched or straight C 16 aliphatic 
chain Wherein up to tWo carbon units of Z5 are optionally and 
independently replaced by 4COi, iCSi, iCONRBi, 
%ONRBNRBi, %o2i, wcoi, iNRBCOzi, 
wi, iNRBCONRBi, iOCONRBi, iNRBNRBi, 
iNRBCOi, isi, isoi, isozi, iNRBi, 
iSOZNRBi, iNRBSOZi, or iNRBSOZNRBi; each R5 
is independently RB, halo, 40H, iNH2, iNOZ, 4CN, or 
4OCF3; and each RE is independently hydrogen, an option 
ally substituted Cl_4 aliphatic, an optionally substituted 
cycloaliphatic, an optionally substituted heterocy 
cloaliphatic, an optionally substituted aryl, or an optionally 
substituted heteroaryl. 
Each R3 is independently hydrogen, halo, nitro, cyano, 

hydroxy, optionally substituted aliphatic, optionally substi 
tuted (aliphatic)oxy, optionally substituted cycloaliphatic, 
optionally substituted heterocycloaliphatic, optionally sub 
stituted aryl, or optionally substituted heteroaryl. 
n is 0-4. 

B. Speci?c Embodiments 
1. Substituent R1 
R1 is an optionally substituted aliphatic, an optionally sub 

stituted cycloaliphatic, or an optionally substituted heterocy 
cloaliphatic. 

In several embodiments, R1 is independently iZAR4, 
Wherein each Z1 is independently a bond or an optionally 
substituted branched or straight C1_ 12 aliphatic chain Wherein 
up to tWo carbon units of Z‘ are optionally and independently 
replaced by iCOi, iCSi, 4CONRAi, iCON 
RANRAi, %O2i, ADCOi, iNRACOzi, ADi, 
iNRACONRAi, ADCONRAi, iNRANRAi, 
iNRACOi, iSi, iSOzi, iNRAi, iSOzNRAi, 
NRASO2, or iNRA SOZNRAi; each R4 is independently RA, 
halo, 40H, iNHZ, iNOZ, 4CN, or 4OCF3; and each RA 
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is independently hydrogen, optionally substituted C1_8 ali 
phatic group, optionally substituted cycloaliphatic, option 
ally substituted heterocycloaliphatic, optionally substituted 
aryl, or optionally substituted heteraryl. However, When ZA is 
a bond and R4 is R“, then RA is optionally substituted ali 
phatic, optionally substituted cycloaliphatic, or optionally 
substituted heterocycloaliphatic. 

In several embodiments, R1 is independently iZAR4, 
Wherein each ZA is independently a bond or an optionally 
substituted branched or straight C 16 aliphatic chain Wherein 
up to tWo carbon units of ZA are optionally and independently 
replaced by -CO-, iCSi, 4CONRAi, iCON 
RANR‘L, %o2i, wcoi, iNRACOZi, 43*, 
iNRACONRA, ADCONRAi, iNRANRAi, 
iNRACOi, isi, isoi, isozi, iNRAi, 
iSOZNRAi, iNRASOZi, or iNRASOZNRAi; each R4 
is independently RA, halo, 40H, iNH2, iNOZ, 4CN, or 
iOCF3; and each RA is independently hydrogen, optionally 
substituted Cl_6 aliphatic group, optionally substituted 
cycloaliphatic, or optionally substituted heterocy 
cloaliphatic. HoWever, When ZA is a bond and R4 is RA, then 
RA is optionally substituted aliphatic, optionally substituted 
cycloaliphatic, or optionally substituted heterocy 
cloaliphatic. 

In several alternative embodiments, R1 is optionally sub 
stituted cycloaliphatic. For example, R1 is monocyclic, bicy 
clic, or tricyclic cycloaliphatic, each of Which is optionally 
substituted. 

In several examples, R1 is optionally substituted 3-8 mem 
bered monocyclic cycloaliphatic that is optionally substituted 
With 1-3 of halo, oxo, hydroxy, nitro, cyano, or optionally 
substituted aliphatic, optionally substituted oxime (e.g., (ali 
phatic(oxy))imino), optionally substituted (aliphatic)oxy, 
optionally substituted carboxy (e.g., (aliphatic(oxy))carbo 
nyl), optionally substituted cycloaliphatic, optionally substi 
tuted heterocycloaliphatic, optionally substituted aryl, 
optionally substituted heteroaryl, or combinations thereof. 
For instance, R1 is cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, or cyclooctyl, each of Which is 
optionally substituted With 1-3 of halo, hydroxy, nitro, cyano, 
aliphatic, oxime (e.g., aliphatic(oxy))imino or (aralkyl(oxy)) 
imino), (aliphatic)carbonyl, (aliphatic)oxy, carboxy, 
cycloaliphatic, heterocycloaliphatic, aryl, heteroaryl, or com 
binations thereof. 

In several additional examples, R1 is bridged bicyclic 
cycloaliphatic, fused bicyclic cycloaliphatic, or spiro bicyclic 
cycloaliphatic, each of Which is optionally substituted. For 
instance, R1 is optionally substituted 6-9 membered bridged 
bicyclic cycloaliphatic. In some examples, R1 is bicyclo 
[2.1.1]hexanyl, bicyclo[3.1.0]hexanyl, bicyclo[2.2.1]hepta 
nyl, bicyclo[2.2.2]octanyl, bicyclo[3.1.1]heptanyl, bicyclo 
[3.2.1]octanyl, or bicyclo[3.3.1]nonanyl, each of Which is 
optionally substituted With 1-3 of halo, hydroxy, nitro, cyano, 
aliphatic, alkoxycarbonyl, cycloaliphatic, heterocy 
cloaliphatic, aryl, heteroaryl, or combinations thereof. In 
alternative examples, R1 is optionally substituted 6-10 mem 
bered fused bicyclic cycloaliphatic. HoWever, in several 
examples, R1 is octahydropentalenyl, octahydro-lH-indenyl, 
or decahydronaphthalenyl, each of Which is optionally sub 
stituted With 1-3 of halo, hydroxy, nitro, cyano, aliphatic, 
alkoxycarbonyl, cycloaliphatic, heterocycloaliphatic, aryl, 
heteroaryl, or combinations thereof. 

In other examples, R1 is optionally substituted 9-12 mem 
bered spiro bicyclic cycloaliphatic. For example, R1 is spiro 
[5.5]undecanyl, spiro[4.5]decanyl, or spiro[5.6]dodecanyl, 
each of Which is optionally substituted. 
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In some embodiments, R1 is optionally substituted ada 

mantyl. 
In alternative embodiments, R1 is optionally substituted 

heterocycloaliphatic. In several embodiments, R1 is option 
ally substituted monocyclic or bicyclic heterocycloaliphatic 
having 1-3 heteroatoms independently selected from N, O, 
and S. 

In several examples, R1 is optionally substituted 4-8 mem 
bered monocyclic heterocycloaliphatic having 1-3 heteroat 
oms independently selected from N, O, and S. In other 
examples, R1 is tetrahydrofuranyl, pyrrolinyl, pyrrolidinyl, 
1,3-dioxolanyl, imidaZolidinyl, 2-imidaZolinyl, pyraZolinyl, 
pyraZolidinyl, tetrahydropyranyl, piperidinyl, 1,4-dioxanyl, 
morpholinyl, 1,4-dithiane, thiomorpholine, or piperaZinyl, 
each of Which is optionally substituted With 1-3 of halo, 
hydroxy, nitro, cyano, aliphatic, carboxy, cycloaliphatic, het 
erocycloaliphatic, aryl, oxime, heteroaryl, (aliphatic)het 
eroaryl, (aliphatic)heterocycloaliphatic, (aliphatic)carbonyl, 
or combinations thereof. 

In several examples, R1 is bridged bicyclic heterocy 
cloaliphatic, fused bicyclic heterocycloaliphatic, or spiro 
bicyclic heterocycloaliphatic, each of Which is optionally 
substituted. 

In several additional examples, R1 is optionally substituted 
6-9 membered bridged bicyclic heterocycloaliphatic. For 
example, R1 is 5-aZabicyclo[2.1.1]hexanyl, 7-aZabicyclo 
[2.2.1]heptanyl, or 8-aZabicyclo [3 .2.1]octanyl, each of Which 
is optionally substituted With 1-3 of halo, hydroxy, nitro, 
cyano, aliphatic, alkoxycarbonyl, cycloaliphatic, heterocy 
cloaliphatic, aryl, heteroaryl, or combinations thereof. 

In several alternative examples, R1 is optionally substituted 
9-12 membered spiro bicyclic heterocycloaliphatic. For 
example, R1 is 1,4-dioxaspiro[4.5]decanyl; 1,4-dioxaspiro 
[4.4]nonanyl; 1,5-dioxaspiro[5.5]undecanyl; or 6,10-dioxas 
piro[4.5]decanyl; each of Which is optionally substituted. 

In some embodiments, R1 is optionally substituted ali 
phatic. For example, R1 is optionally substituted straight or 
branched C1_8 aliphatic. In several other examples, R1 is 
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, 
pentyl, isopentyl, or neohexyl, each of Which is optionally 
substituted With 1-3 of halo, oxo, oxime, or optionally sub 
stituted alkoxy, optionally substituted amino, optionally sub 
stituted aliphaticsulfonyl, optionally substituted 
cycloaliphatic, optionally substituted heterocycloaliphatic, 
or combinations thereof. In still more examples, R1 is methyl 
optionally substituted With 1-2 of cyclopropyl, cyclopentyl, 
cyclohexyl, cycloheptyl, cyclooctyl, or combinations thereof. 

In several embodiments, R1 is one selected from hydrogen; 
tetrahydrofuran-3-yl-methyl; 4-(hydroxy)cyclohexyl; 
4-(ethoxy(imino)cyclohexyl; cyclohexyl; cycloheptanyl; 
N-(methyl(carbonyl))piperidyl; (bicyclo [2 .2 . 1 ]hept-2-yl) 
methyl; 3-(methyl)cyclohexyl; bicyclo[2.2.1]heptyl; isopro 
pyl; tetrahydro-2H-pyran-3-yl; N-(but-3-ynyl(oxy(carbo 
nyl)))piperidine-4-yl; N-(ethoxy(carbonyl(piperidine-4-yl) 
methyl; 4-propylcyclohexyl; 2-methoxycyclohexyl; 
4-(phenyl(methyl(oxy(imino))))cyclohexyl; cycloheptyl; 
N-(isopropyl(oxy(carbonyl)))piperidine-4-yl; 4-(cyclohex 
ane-yl)cyclohexyl; (cyclopropane-yl)methyl; cyclooctyl; 
4-(methoxy(imino))cyclohexyl; N-(propoxy(carbonyl))pip 
eridine-4-yl; N-(pent-2-ynyl(oxy(carbonyl)))piperidine-4 
yl; 4-(tertbutyl(oxy(imino)))cyclohexyl; (cyclohexyl)me 
thyl; 4-(ethyl)cyclohexyl; 2,6,6-(trimethyl(cyclohexa-1,3 
diene-yl))methyl; N-(methoxy(ethoxy(carbonyl))) 
piperidine-4 -yl; decahydronaphthalene-2 -yl; 1 ,1 - 
dimethylpropyl; propyl; 4-(ethoxy(carbonyl))cyclohexyl; 
tetrahydro-2H-pyran-4-yl; 3-(methyl)cyclopentyl; 4-(me 
thyl)cyclohexyl; 2-(ethyl)butyl; 4,4-(dimethyl)cyclohex-2 
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ene-yl; ethyl; bicyclo[2.2.1]hept-2-yl; 2-(methyl)cyclohexyl; 
1,4-dioxaspiro[4.5]dec-8-yl; N-(prop-2-yn-yl(oxy(carbo 
nyl)))piperidine-4-yl; piperidine-4-yl; bicyclo[2.2.2]octane 
2-yl; methyl; (tetrahydro-2H-pyran-4-yl)methyl; 4-(isopro 
poxy(imino))cyclohexyl; N-(phenyl(carbonyl))piperidine-4 
yl; phenylmethyl; N-(methoxy(carbonyl))piperidine-4-yl; 
cyclopentyl; 4-(tertbutyl)cyclohexyl; 3,3-dimethylbutyl; 2,4 
(dimethyl(cyclohex-3-ene-yl))methyl; 4-oxocyclohexyl; 
3,3-dimethyl-1,5-dioxaspiro[5.5]undecane-9-yl; 4-(ethoxy 
(imino))cyclohexyl; bicyclo[3.2.1]octane-3-yl; bicyclo 
[3.2.1]octane-2-yl; 6,6-dimethylbicyclo[3.1.1]hept-2-ene-2 
yl; ethylpropyl; N-(pyraZine-2-yl)piperidine-4-yl; 
4-(tri?uoromethyl)cyclohexyl; 3-methylbutyl; 4-(phenyl 
(oxy(imino)))cyclohexyl; (cyclohex-1-ene-yl)methyl; 4-(cy 
ano-4-(phenyl))cyclohexyl; 4-(prop-2-ene-yl(oxy(imino))) 
cyclohexyl; tetrahydro-2H-thiopyran-4-yl; 
cyclopentylmethyl; cyclononyl; cyclobuty; adamantyl; 
8-ethoxycarbonyl-8-aZabicyclo[3.2.1]octane-3-yl; 3-(trif 
luoromethyl)cyclohexyl; bicyclo[3 .3 . 1 ]nonane-9-yl; N- (cy 
clopropyl(carbonyl))piperidine-4-yl; 4-isopropyl; spiro[5.5] 
undecane-2-yl; 4-(phenyl)cyclohexyl; (tetrahydro-2H 
pyran-4-yl)methyl; (bicyclo[2.2.1]hept-2-yl)methyl; 4-(3 
ethyl-1,2,4-thiadiaZole-5-yl)cyclohexyl; N-(3-ethyl-1,2,4 
thiadiaZole-5-yl)piperidine-4-yl; cyclohexylmethyl; and 
4-(3-methyl-1,2,4-thiadiaZole-5 -yl)cyclohexyl. 

2. Substituent R2 
R2 is iZBRS, wherein each Z5 is independently a bond or 

an optionally substituted branched or straight Cl_6 aliphatic 
chain Wherein up to tWo carbon units of Z5 are optionally and 
independently replaced by -CO-, iCSi, iCONRBi, 
iCONRBNRBi, iCOzi, iOCOi, iNRBCOzi, 
iOi, iNRBCONRBi, iOCONRBi, iNRBNRBi, 
iNRBCOi, iSi, iSOi, isozi, iNRBi, 
iSOZNRBi, iNRBSOZi, or iNRA SOZNRAi; each R5 
is independently RB, halo, 40H, iNH2, iNOZ, 4CN, or 
iOCF3; and each RE is independently hydrogen, optionally 
substituted C1_4 aliphatic, optionally substituted 
cycloaliphatic, optionally substituted heterocycloaliphatic, 
optionally substituted aryl, or optionally substituted het 
eroaryl. 

In several embodiments, R2 is hydrogen or optionally sub 
stituted straight or branched C 16 aliphatic. For example, R2 is 
optionally substituted straight or branched C1_6 alkyl. In other 
examples, R2 is methyl, ethyl, propyl, isopropyl, butyl, sec 
butyl, tert-butyl, pentyl, isopentyl, or neohexyl, each of Which 
is optionally substituted. In some examples, R2 is methyl, 
ethyl, or propyl, each of Which is optionally substituted With 
1-3 of halo, hydroxy, oxo, cyano, or optionally substituted 
cycloaliphatic, optionally substituted heterocycloaliphatic, 
optionally substituted aryl, optionally substituted heteroaryl, 
or optionally substituted alkoxy. In other examples, R2 is 
optionally substituted C2_6 alkenyl or optionally substituted 
C2_6 alkynyl. For example, R2 is prop-2-ene-yl, but-2-ene-yl, 
but-3-ene-yl, but-2-yn-yl, or but-3-yn-yl, each of Which is 
optionally substituted With 1-3 of halo, hydroxy, oxo, cyano, 
or optionally substituted cycloaliphatic, optionally substi 
tuted heterocycloaliphatic, optionally substituted aryl, 
optionally substituted heteroaryl, or optionally substituted 
alkoxy. 

In several embodiments, R2 is one selected from hydrogen, 
but-2-yn-yl; isopropyl, propyl, 2-(oxo)propyl, ethyl, (meth 
oxy)ethyl, 2-(methyl)propyl, methyl, (phenyl)methyl, prop 
2-ene-yl, and 2-(phenyl-2-(oxo))ethyl. 

3. Substituent R3 
Each R3 is independently hydrogen, halo, nitro, cyano, 

hydroxy, optionally substituted aliphatic, optionally substi 
tuted (aliphatic)oxy, optionally substituted cycloaliphatic, 
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16 
optionally substituted heterocycloaliphatic, optionally sub 
stituted aryl, or optionally substituted heteroaryl. 

In several embodiments, R3 is independently hydrogen, 
halo, nitro, cyano, hydroxy, optionally substituted aliphatic, 
optionally substituted (aliphatic)oxy, optionally substituted 
cycloaliphatic, or optionally substituted heterocy 
cloaliphatic. 

In several embodiments, R3 is independently iZCR6, 
Wherein each ZC is independently a bond or an optionally 
substituted branched or straight C1_6 aliphatic chain Wherein 
up to tWo carbon units of ZC are optionally and independently 
replaced by 4COi, iCSi, 4CONRCi, 4CONRC’ 
NRCi, icozi, iocoi, iNRCCOZi, 43*, 
iNRCCONRCi, ADCONRCi, iNRCNRCi, 
iNRCCOi, isi, isoi, iSOZi, iNRCi, 
iSO2NRCi, iNRCSO2i, or iNRCSOZNRCi; each R6 
is independently RC, halo, 40H, iNHZ, iNOZ, iCN, or 
4OCF3; and each RC is independently hydrogen, optionally 
substituted C1_8 aliphatic group, optionally substituted 
cycloaliphatic, optionally substituted heterocycloaliphatic, 
optionally substituted aryl, or optionally substituted het 
eroaryl. 

In several embodiments, R3 is optionally substituted ali 
phatic, such as optionally substituted alkyl, optionally substi 
tuted alkenyl, or optionally substituted alkynyl. In one group 
of examples, R3 is straight or branched optionally substituted 
Cl_6 alkyl (e.g., Cl_3 alkyl). For example, R3 is methyl, ethyl, 
propyl, isopropyl, butyl, sec-butyl, tert-butyl, pentyl, hexyl, 
or neohexyl, each of Which is optionally substituted With 1-3 
of halo, hydroxy, oxo, cyano, nitro, or alkoxy, acyl, amino, 
cycloaliphatic, heterocycloaliphatic, aryl, heteroaryl, or com 
binations thereof. In several embodiments, R3 is cyano. 

In another group of examples, R3 is straight or branched 
optionally substituted C2_6 alkenyl; and in another group of 
examples, R3 is straight or branched optionally substituted 
C2_6 alkynyl. For example, R3 is straight or branched C2_6 
alkenyl that is optionally substituted With 1-3 of halo, 
hydroxy, oxo, cyano, nitro, or alkoxy, acyl, amino, 
cycloaliphatic, heterocycloaliphatic, aryl, heteroaryl, or com 
binations thereof. In other examples, R3 is straight or 
branched C2_6 alkynyl that is optionally substituted With 1-3 
of halo, hydroxy, oxo, cyano, nitro, or alkoxy, acyl, amino, 
cycloaliphatic, heterocycloaliphatic, aryl, heteroaryl, or com 
binations thereof. 

In several embodiments, R3 is optionally substituted (ali 
phatic)oxy. For example, R3 is optionally substituted Cl_3 
alkoxy. In still other examples, R3 is methoxy, ethoxy, or 
propoxy, each of Which is optionally substituted. 

In several embodiments, R3 is iZCR6, ZC is a bond, and R6 
is hydrogen. 

4. Group n 

n is 0-4. For example, n is 0, 1, 2, 3, or 4. 

5. Group X 

X is iNRSOi or 40*, Wherein R50 is independently 
hydrogen or an optionally substituted Cl_6 aliphatic. 

In several embodiments, X is 40*. 

C. Subgeneric Compounds 
Another aspect of the present invention provides com 

pounds of formula Ia that are useful for modulating the activ 
ity and/ or activities of muscarinic receptor(s) in accordance to 
formula Ia: 



US 7,696,201 B2 
17 

Ia 
Rla 

| 
N 

| \ X 

/ k (113/). If 0 
R2 

or a pharmaceutically acceptable salt thereof, wherein X, R2, 
R3, and n are de?ned in formula I above. 

Rla is optionally substituted aliphatic, optionally substi 
tuted cycloaliphatic, or optionally substituted heterocy 
cloaliphatic. However, When Rla is substituted aliphatic, Rla 
is substituted With 1-3 of halo, cyano, nitro, hydroxy, iNHZ, 
optionally substituted alkoxy, optionally substituted 
cycloaliphatic, or optionally substituted heterocy 
cloaliphatic. HoWever, When Rla is an aliphatic substituted 
With a monocyclic heterocycloaliphatic, the monocyclic het 
erocycloaliphatic is not substituted With aryl; and When R l a is 
an optionally substituted cycloaliphatic, Rla is not substituted 
With a substituted monocyclic heterocycloaliphic. 

Another aspect of the present invention provides com 
pounds of formula lb that are useful for modulating the activ 
ity and/ or activities of muscarinic receptor(s) in accordance to 
formula Ib: 

Ib 

Iflb 
N 

| \ X 

/ / k N O 
(R3)n I 

R2 

or a pharmaceutically acceptable salt thereof, Wherein X, R2, 
R3, and n are de?ned above in formula I. 

R11, is optionally substituted cycloaliphatic, or optionally 
substituted heterocycloaliphatic. HoWever, When R11, is 
optionally substituted cycloaliphatic, R11, is not substituted 
With a substituted monocyclic heterocycloaliphic. 

In several embodiments, R11, is independently iZDR7, 
Wherein each ZD is independently a bond or an optionally 
substituted branched or straight C1_8 aliphatic chain Wherein 
up to tWo carbon units of ZD are optionally and independently 
replaced by 4COi, iCSi, 4CONRDi, iCONRD’ 
NRZL, icozi, iocoi, iNRDCO2i, 43*, 
iNRDCONRD, iOCONRDi, iNRDNRDi, 
iNRDCOi, isi, isoi, isozi, iNRDi, 
isOzNRDi, iNRDSO2i, or iNRDsOzNRDi. Each 
R7 is independently RD, halo, 40H, iNHZ, iNOZ, iCN, 
or 4OCF3. Each RD is independently hydrogen, optionally 
substituted Cl_8 aliphatic group, optionally substituted 
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18 
cycloaliphatic, or optionally substituted heterocy 
cloaliphatic. HoWever, When Rl b is optionally substituted ali 
phatic, R11, is not substituted With a substituted monocyclic 
heterocycloaliphic. 

Another aspect of the present invention provides com 
pounds of formula Ic that are useful for modulating the activ 
ity and/ or activities of muscarinic receptor(s) in accordance to 
formula Ic: 

Ic 
RX 

| 
N 

R50 | \ N/ 

/ N/KO 
(R3)n I 

R2 

or a pharmaceutically acceptable salt thereof, Wherein R2, R3, 
R50, and n are de?ned in formula I above. 
RX is either of RM or Rlb, Wherein each of RM or Rlb are 

described above in formulae Ia and lb. 
In several embodiments, Where RXis RM, and When Rla is 

an optionally substituted aliphatic, Rla is not substituted With 
an aryl, heteroaryl, or aryl(oxy); When Rla is an aliphatic 
substituted With a monocyclic heterocycloaliphatic, the 
monocyclic heterocycloaliphatic is not substituted With aryl; 
and When Rla is an optionally substituted cycloaliphatic, Rla 
is not substituted With a substituted monocyclic heterocy 
cloaliphic. 

In several embodiments, Where RXis Rlb, and When Rlb is 
an optionally substituted cycloaliphatic, R11, is not substituted 
With a substituted monocyclic heterocycloaliphic. 

Another aspect of the present invention provides com 
pounds of formula Ic that are useful for modulating the activ 
ity and/ or activities of muscarinic receptor(s) in accordance to 
formula Id: 

Id 
Rx 

| 
N 

| \ ° 

/ k 
N O 

(R3)n I 
R2 

Wherein RXis described above in formula IC , and R2, R3, and 
n are described in formula I, above. 

D. Combinations of Embodiments 
Other embodiments of the present invention include any 

combination of R1, RM, R11’, R2, R3, X, and n. 
E. Exemplary Compounds 
Speci?c exemplary compounds of formulae (I, Ia, Ib, Ic, 

and Id) are shoWn beloW in Table l. 
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TABLE 1 

Exemplary compounds of the present invention. 

1 2 3 

H H H 
| | N O 

N 0 N 0 Y 
\K Y O 
0 0 

N 

N 

b 
N 

0 \O 

<: 6 9 
KY‘) If) if) 
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TABLE l-continued 

Exemplary compounds of the present invention. 
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TABLE l-continued 

Exemplary compounds of the present invention. 
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N O C N O 
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TABLE l-continued 

Exemplary compounds of the present invention. 
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27 26 25 
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TABLE l-continued 

Exemplary compounds of the present invention. 
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TABLE l-continued 

Exemplary compounds of the present invention. 
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TABLE l-continued 

Exemplary compounds of the present invention. 
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TABLE l-continued 

Exemplary compounds of the present invention. 
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